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EXECUTIVE SUMMARY

The Federal Aviation Administration Technical Center owns and operates an instrumented B-
727 aircraft for in-house test and assessment of runway friction and to examine landing gear
impact on runway surfaces. Numerous strain gages were installed on the landing gear. Prior
analysis of the data was concerned primarily with supporting the FAA’s airports research
program; however, it has been recognized that this data set also has application in correlating
the aircraft gear loads to measured ground-flight loads for specific takeoff and landing
conditions and runway operations. This in-house research affords the National Aging Aircraft
Research Program (NAARP) an opportunity to assess new data, independently obtained,
which is both of high quality and unusually high sampling rates to examine the landing gear
loads for a limited number of common aircraft maneuvers. Sixty sample-per-second time
history traces were available for each of 72 events with the following breakdown:(1) Takeoff
analysis, 22 events; (2) Landing analysis, 18 events; (3) Runway exit analysis, 9 events; (4)
Braking analysis, 6 events; (5) S-turn analysis, 9 events; and (6) Minimum-radius turn
analysis, 8 events.

Multiple time trace data plots of all maneuvers illustrate variable relationships as expected.
Pitch rate was calculated for all takeoffs that had available angle data. The average pitch rate
was calculated to be 3.43 degrees per second, while the maximum was 4.63 degrees per
second. Histograms were plotted and mean, median, and standard deviations were calculated
for all takeoff and landing critical parameters although the small number of samples caused a
large amount of uncertainty. Measured values were compared with calculated ones and had
good agreement, although a great deal of scatter was illustrated for the measured and
calculated braking drag shear. This is partiaily due to the large bias in the measured braking
accelerations compared to the calculated accelerations. Measured accelerations agree well
with measured forces. Relationships between braking acceleration and drag shear, lateral
acceleration and side shear, and normal acceleration and vertical shear were determined for
the braking, exiting, and landing tests respectively. A linear relationship exists between side
shear and axle differential load. '
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1. INTRODUCTION.

1.1 Background.

The uses and applications of many of the older commercial aircraft operating today (i.e.,

DC9, B-727) have slowly evolved over the past 30 years since the conception of the design.
Many common ground maneuvers such as aircraft braking and exiting are different due to
changes in airport capacity or aircraft use. Most of the data available describing aircraft loads
during takeoff, landing, and ground maneuvers is as much as 30 years old, where prior
generation equipment was used acquiring data at possibly insufficient data rates. This study
examines some recently obtained high quality, independent data with high sample rates, to
measure and correlate landing gear internal and external loads experienced during takeoff,
landing, and some selected abrupt ground maneuvers.

The data will provide an understanding of the relationships between the external conditions
(i.e., runway exit speed) and the internal loads (e.g., individual main gear loads) which may
be of value in understanding service problems on the older airframes and will assist in the
development of the design loads and operating loads on new designs.

1.2 Scope.

Data reduction of extensive ground and flight tests in support of the FAA airport runway
friction research was reconfigured to allow for the analysis of gear loads. All data were
acquired from the flight test data acquisition system on the FAA Technical Center’s research
transport B-727 N40 and most data came from experiments performed to examine ground
handling performance. Figure 1 gives a plan view of a B-727-100QC. The flight and ground
tests in the subject study include several different maneuvers such as a takeoff or munway exit.
Other data files that have been made available are from tests to evaluate runway friction, soft
arrester system foam performance, and other runway parameters. Figure 2 is a photograph of
the FAA Technical Center’s B-727 N40 during taxi. Appendix A provides tables of all useful
test data files available including parameters describing the test objectives and conditions,
These parameters (i.e., gross weight, wind speed, and direction) are used for correlation of
measured internal loads for individual flight tests.

The purpose of this study was to utilize existing high speed B-727 data to compile the flight
acceleration, aircraft system, and force data for each maneuver into data files, and to analyze
the flight information to provide a typical picture of each aircraft maneuver. Relationships
describing takeoff, landing, exit, braking, S-turn, and minimum-radius turn aircraft maneuvers
were examined. These relationships provide some directly measured internal loads
information not available in previous research efforts.




2. DATA ACQUISITION AND REDUCTION. - eI 4T

2.1 Data Channels.

Since the focus of the testing was ground handling, most data chaanek
gear information such as axle/strut forces, wheel braking foroes;
wheel speeds. Other analog inputs consist of the standard contre
ratios (EPRs), as well as cockpit and cg accelerations. Most digi
data computer (ADC) which contains the inertial navigation sys&:ﬁ’
other digital flight parameters. These values are typically fight p
other data intrinsic to the aircraft’s flight instrument presentation.
were provided by a digital distance sensor which, by means of-a
a digital pulse every 2.5 mm of ground distance. A view of tl:us
landing gear can be seen as figure 3.

Strain gages were installed on all of the landing gear axle assembl&' ;'_"Ee '
installation is illustrated in figure 4. This installation combination:
measurement of vertical shear, braking shear, and side shear. A
instrumented separately, each landing gear assembly (left and nght
calibrated together by attaching the entire landing gear to a load:celf
incrementally lowering the aircraft onto the platform (see figure 5). Al
gives an accurate calibration of the three basic force directions, it does: not gtewids th
individual axle force calibration or the cross-coupling of the steain gage-eutps fom.
axle and gage to gage. Thus, the accuracy of axisymmetricat loaﬂ‘sbn i:he. ding. o
not been determined. Appendix B describes the basic calibration: &

landing gears. _

2.2 Data Acquisition System and Data Reduction.

The data acquisition system installed on the B-727 is a Metraplex
system which has a series of digital cards to acquire analog and di
and creates a pulse-code modulated (PCM) encoded bit stream 38 onitpist:
B-727 data acquisition system has an Eidel PCM 760 decoding card"to:des
stream from the Metraplex system. The PCM decoding card utilizes two _ o
decode the PCM bit stream and create a data "frame” which contaihs- ﬂbﬂm AN Is;. time
code, and other important frame information. The data frame is therr sived ag bmmy :
sequential data file, along with an ASCII "playback” file which contaisis 1
information. The signal file and the format file are the two sovrce Bleg's
software to make binary sequential data files from the encoded PCME
important to note that not every test employed the same signal file,or: x
channels, since the EE315 software allows the option of saving some or-aif of the channels
specified in the Metraplex data frame.




In order to obtain an ASCH data file with a valid time code and data columns from the Eidel
binary sequential file system, a software package was developed to allow the user to convert
specified data from the file. This software is also used to apply calibration factors and
formulas, add or average columns, and filter the data by frequency. This program was written
in QBasic and allows the user to obtain any data channels desired from the data frame for any
specified time frame, as well as vary the output data rate. Because many data channels were
redundant and unnecessary for this study, not all data channels were converted to ASCII for
analysis. Appendix C gives a list of all data channels converted to ASCII with units and
range. A listing of this program can be seen in appendix D.

2.3 Data Filtering,

As is customary with most analog force related instrumentation measurements, the data was
filtered in two stages. All strain gage signals are first passed through a signal conditioner,
which amplifies and then low-pass filters the data for antialiasing. Most other analog signals
contain some internal amplification and filtering. The analog and digital signals are then sent
to the data acquisition system and stored. When the binary sequential data is processed and
made into ASCII files, a fourth-order Butterworth IIR digital filter is applied to reduce high
frequency noise, and to antialias signals that are stored at a lower samplie rate in the ASCII
files than in the original binary files. The effect of the filter on ten seconds of data can be
seen in figures 7 and 8.




3. ANALYSIS.

3.1 General Analysis Techniques.

To reduce the data, the raw 60 Hz data were digitally filtered at 5He
(every second point eliminated). The cutoff frequency (F.) was

lowest possible cutoff frequency that is significantly greater then the
frequency (3.5 Hz) and the data were decimated to allow for easier file 1h it
gives a reduced data rate of 30 Hz filtered at 5 Hz. The data were analyzed:-Both in time
history and for specific event values such as peak aircraft longitudinal acceleration
place at or over some period of time. -

For analysis in time, certain time trace data were correlated to verify-the- vl of the-diga:
and also to illustrate certain key parameter relationships. Correlatio; i VO
parameters was achieved by plotting each parameter on a separate
period. Relationships between the two parameters could then be ob
When relating two parameters in time, they were related over a
to the maneuver, and only data obtained during this specific time- oy
correlation. All leading and lagging data points were "trimmed" to redice
special trimmed files also provided a basis for determining specific:évent valyis;
often an average value over a small interval of time during the event, - . =

For the analysis of specific event parameters, each aircraft maneuver specific event value was
determined and tabulated. Each specific event parameter was chosen for its sélevance to eac
maneuver (i.e., landing normal acceleration at touchdown). These values w ated for
evaluation and possible correlation between tests, whereas each flig aprime .
focus for analysis. Statistical analysis of these critical values was also for the
takeoff and landing events, where a histogram of each specific event p ameter: was plotted:
and mean, median, and standard deviations wete calculated for each histpgram us CoStat,
commercial software package. Specific event parameters were also. ¢ ORY
values to gage the accuracy of the data and to verify the means by which-accelerati nis
translated to force. Specific event values were also correlated with eagh ot determine -
possible relationships, although correlation of these values was difficult due to the limited -
amount of test events for each maneuver. However, even with this limited data, some
significant relationships were determined. '

3.2_Takeoff Data Analysis.

The primary focus of the takeoff data analysis was on takeoff velocity and rof_;étion data.
Some takeoff tests did not have aircraft flight path angles available for analysis, thus reducing
the number of flight events available for analysis. The key parameters tabulated for each
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takeoff test other than the basic test information were peak longitudinal acceleration (N,),
maximum ground speed (V. ), runway distance used (AD), time to liftoff (t, ), maximum
pitch angle (8,,,), and maximum pitch rate (PR_,,). The maximum takeoff velocity adjusted
for wind speed was also tabulated. These parameters are illustrated in figure 9. The peak
longitudinal acceleration was approximated by drawing a best fit curve to the acceleration
time trace, and then determining the peak value. The ground speed and distance sensor was
located on the nose gear (see section 2.2} and these values had to be estimated after nose gear
liftoff. Maximum ground speed was assumed to be the ground speed at the start of rotation,
and the runway distance utilized after rotation started was approximated by dividing the
maximum ground speed by the time remaining until main gear liftoff. Histograms of each
critical parameter were calculated and plotted for all tests and the mean value, median value,
and standard deviation were calculated. Also, takeoff speed was correlated with takeoff
distance and time to liftoff to determine the relationship between these takeoff parameters.

3.3 Landing Data Analysis.

The primary focus of the landing data analysis was data available on vertical cg acceleration
and peak axle vertical shear at aircraft touchdown. The key parameters tabulated for each
landing other than the basic flight information were peak vertical acceleration (N,), nose gear
touch down ground speed (V,,), touchdown pitch angle (08,;), and peak main landing gear
vertical shear (VS,, ). The touchdown ground speed adjusted for wind velocity was also
tabulated. These parameters are illustrated in figure 10. Histograms were calculated and
plotted for each critical parameter and the mean value, median value, and standard deviation
were calculated. In an attempt to gage the accuracy of the data, landing vertical shear was
calculated using the following equation and compared to the measured vertical shear.

(1

VSuc = N, Wyc

Z

Where W, is the aircraft landing weight, vertical shear and normal acceleration are single
peak values. Peak landing gear vertical shear was correlated with normal acceleration and
also pitch angle at touchdown was correlated with aircraft weight in an attempt to determine
the relationship between these landing parameters.

3.4 Runway Exit Data Analysis.

The main focus of the exit analysis was to obtain the relationship between landing gear side
force and lateral acceleration, as it relates to different exit speeds on a standard runway exit
ramp. Measured side shear was correlated in time with measured lateral acceleration for a
40-, 50-, and 60-knot exit to illustrate the relationship between the two parameters and verify
the quality of the measurements. As stated in section 3.1, only the period of time during
which the aircraft was actually exiting the runway was analyzed. Time averages of some




critical values were utilized to allow for correlation of tabulated
parameters tabulated were exit time interval (At), exit distance i
speed (V,,.), average lateral acceleration (N,), average main
and peak main landing gear vertical shear (VSya0)- ’I'hese

To verify measured average lateral acceleration and average
utilizing other measured values. To calculate average accele
was first calculated.

In the above equation 0 is the angle representing the chang i
over bar represents a time averaged value. Assuming the Is
centrifugal radial force, the following equation was used to ¢z
acceleration. -

r

Again, the over bar represents a time averaged value Averagg-
using average measured lateral acceleration (N,) and aircraft Welﬁ

Sy =

rWAC

These simple calculations can help validate the accuracy of somg
compare side force with lateral acceleration in time, side fm'ce
using the following formula.

In the above equation Cg is a local time value at the local totgl
the above equation represents the reverse calculation of equation
acceleration was correlated wnh exit speed and landmg gear slde--

presented for the exit tests were measured with the wheels ﬁéé’[y'
wheel brakes were disabled.

3.5 Braking Data Analysis.

Braking data were analyzed in an attempt to obtain a relati
acceleration and axle drag shear. Measured drag shear was




longitudinal acceleration for several braking events of different intensities to illustrate the
relationship between the two parameters and to verify the quality of the measurements. Only
the portion of each braking test which involved actual braking was analyzed. The key
parameters utilized for each of these braking events included change in speed (AV), time to
change speed {At), braking distance (AD), average braking acceleration (N,), average total
drag shear (DS, ), and maximum braking pressure (P,,). Also, the initial ground speed at
the start of braking was recorded (V,,). These values are illustrated in figure 12. To verify
measured average acceleration and average drag shear, values were calculated utilizing other
measured values. Average acceleration can be calculated by using change in velocity (AV)
and time (At) using the following formula.

No-_ AV ©
o At

Average drag shear can be calculated using average measured acceleration (N,) and aircraft
weight (W,0).

)

DS

i = N Wac

The average acceleration tabulated was correlated with the average drag force tabulated to
obtain a relationship between the two parameters. All braking tests utilized were performed
on dry pavement except TST71001. Note, as for the exit tests, the nose wheel brakes were
disabled.

3.6 S-Turn Data Analysis.

The primary focus of S-turn data analysis was to examine the vertical shear axle differential
loads experienced during lateral acceleration due to the aircraft’s lateral movement. Axle
differential load is defined as the difference between the left axle vertical shear and the right
axle vertical shear for a left turn. Measured side shear was correlated in time with measured
lateral acceleration for a 40-, 60-, and 80-knot S-turn to illustrate the relationship between the
two parameters and verify the quality of the measurements. Also to verify the validity of the
data, the side force coefficient was plotted with lateral acceleration in time. As stated in
section 3.1, only the period of time during which the aircraft was actually executing an S-turn
was analyzed. Time averages of some critical values were utilized to allow for correlation of
tabulated critical parameters. Key parameters tabulated were S-turn start speed (V,,,), time
interval (At), average lateral acceleration (N,), average landing gear side shear for each main
landing gear (SS; g, SSrug), and average landing gear vertical axle differential load
(ADLgya, ADLiye) for each main landing gear. The maximum main landing gear vertical
axle differential load (ADL,; ;) was also tabulated. These parameters are illustrated in figure
13. To verify measured average side shear, values were calculated using measured average
lateral acceleration and aircraft weight.




SSi6 = N, Wy

In this equation S8, is the total side shear on both landing gear »

with axle differential load and also with lateral acceleration in'an: af .
relationship between these parameters. Braking was not used dnrmg_ e S
optional nose wheel brakes were disabled for the testing. L

3.7 Minimum-Radius Turn Data Analysis.

The primary focus of minimum-radius tum data analysis was the ex
side shear and vertical shear axle differential loads experienced dur
Measured side shear on the nose gear was plotted in time with me
dlfferennal load for a clockw1se (CW) and counter clock mse '

correlation and averages, Key parameters tabulated were nummum
(At), average nose gear tangential velocity (V,,,), average nose gear
average nose gear vertical axle differential load (ADLyg).  The m __ '

14. Nose gear side shear was correlated with axle differential loao_;l
the relationship between these parameters. Braking was not used €




4. RESULTS.

4.1 Takeoffs.

Figures 15 and 16 illustrate aircraft acceleration, ground speed, and aircraft angle data for two
typical takeoffs of the instrumented B-727 N40. Note the peak‘longrmdmd acceleration’
occurred early during the takeoff run time trace. The start of rotfifion is ‘lustrated by the
ground speed going to zero at approximately the same time the p:lteh angle reaches zero. Roll
angle changes very little during the takeoff run. Liftoff is ‘sig d'by a drastic décrease in
noise on the normal acceleration data trace. Pitch data for cach of ‘the ilistrated aircraft tests
are given in figures 17a and 17b. Maximum pitch rate durmg TST@&]G (2 57 deg/s) was
much lower than in TST11408 (4.17 deg/s).

Table 1 contains the critical takeoff parameters discussed .in' secﬁbﬁ 3.2. 'I-'ﬁe'eells marked
with an "X" indicate information that was not available for one or more reasons. The first
four columns are information relative to the flight test itself (am:raft welghl:, wmd speed,
etc.), while the other seven columns represent the critical parambtets

To deterrmne 1f the critical parameters collected are a good measm'e of expected values for an
determine if the scatter in the data are indeed a random devmudn ftom an average value. -
Figures 18 through 24 illustrate hlstograms of the critical taheoﬂ' parameters, with each
histogram displaying the sample size, mean, median, and st nidard deviation of the data field.
Most histograms have a median value close to the mean va]ue, wlnch ﬂhstrates good '

symmetry.

It would be desirable if the takeoff distance could be related. Wtakeoff velomty and alreraft
weight. Figure 25 gives a correlation plot of takeoff distance versus takeoff speed to
illustrate a potential relationship. Although some data scatter exists, a linear relationship can
be observed. Figure 26 gives a correlation plot of takeoff distance versus aircraft weight.
The plot illustrates a large amount of data scatter.

4.2 Landings.

Figure 27 and 28 illustrate aircraft accelerations, landing gear vertical shear, and pitch angle
data for two typical landings of the instrumented B-727 N40. Note the maximum normal
acceleration did not always occur at touchdown, although it does. for the two given landings
and it is this touchdown normal acceleration which is the focus of the landing acceleration -
data. Touchdown has occurred when there exists a sudden inerease in the vertical shear and
the drastic increase in noise on the normal and longitudinal acceleration data trace. The
landing pitch angle time trace is different for each individual Iandmg however the maximum
pitch angle at touchdown is a fairly consistent value.

9




Table 2 contains the critical landing parameters discussed in secti
with an "X" indicate information that was not available for one
discussed in section 2.3. The first four columns are mformaﬁ_eﬁ

itself (aircraft weight, wind speed, etc.), while the other five colin
landing parameters.

As discussed in section 3.2, the peak vertical shear values me:
compared to values calculated with acceleration and aircraft v
shown graphically as figure 29. Although agreement is not. ab
values have less than 10 percent error from the measured.
consequently are not the only two parameters which correlate
sufficient data in this study to perform a more in depth anatysis,
vertical shear is a function of N, and W, (Equation 4), vertical .

correlation coefficient of 0.798. This is likely explained due o
airplane dynamics affecting the aircraft cg accelerations. -

To determine if the critical parameters collected are a good

aircraft of similar or same type, a histogram of each critical par;
determine if the scatter in the data is indeed random deviation ﬂ'ﬂﬁ
Figures 30 through 34 illustrate hlstograms of the critical landing
histogram displaying the data fields size, mean, median, .and s nd)
values are close to the mean, indicating symmetry. e

It would be desirable to correlate touchdown vertical s.hear WI&
experienced. Figure 35 gives a correlation plot of touchdown 1
normal acceleration with a correlation coefficient of 0.784.
evident, the problems with relating these two parameters d iscus

are illustrated by the data scatter. Figure 36 gives a oonelatmn plat
versus aircraft weight with a correlation coefficient of 0.512, - A
but the low data confidence is illustrated by the large amount of gtz
correlation. '

4.3 Runway Exits.

Figures 37, 38, and 39 illustrate aircraft acceleration, landing gear vertica
gear side shear for three separate runway exits at 40, 50, and 60. knms""
the succession of graphs illustrates the increase in lateral accelerati
exit speed increases. To determine if side shear magnitude and timie behs
and reasonable, the side force coefficient was calculated and plntlaq@ [
acceleration. Figure 40 gives the side force coefficient atison; witic
tendency for the side force coefficient to be high, partlcularly at heavy:mde il
could be due to torque on the strut amplifying the side force, or t.ahsorption: of _foroe by ;the
aircraft suspension, giving less acceleration at the aircraft cg. A blased hipl __mlibratlml fmor




would also cause this pheromena. Landing gear side shear was pl
acceleration in time for the three exits illustrated, and presented
in section 3.4 only the time values during the aircraft exit weie
Although the plot exhibits modest scatter, a good linear rela
of the aircraft varied from 134,726 pounds to 132,326 pounds;
plot scatter, while the least scatter is observed at high weelem. va
peaking at about 32,000 pounds. v

Table 3 contains the critical exit parameters discussed in section 3.4. T
are information relative to the flight test itself, while the other ﬁva%o;
critical parameters. As discussed in section 3.4 most of these vala
allowing for easy verification of the validity of the data. To help
accelerations, a graph comparing measured and calculated lateral
figure 42. Note the excellent agreement in the regular and high'
of measured and calculated side shear is plotted in figure 43. Agiin-

be observed between measured ancl calculated values, ﬂlusn'atmg the hlgh qudlty of"the dam.'-

Figure 44 is a correlation plot of average exit speed versus’ aw‘ '
tabulated in the critical value tables. The linear relatxonshlp Sbserve
consistency of lateral accelerations observed on any given exit, “T¢
relates to lateral acceleration, a correlation plot of the two param
45. Similar good linearity is observed as is expected. The lateral acoe
parameter is an average based on the aircraft velocity during ﬂie‘ex&,‘* '
the ground roughness error seen in peak acceleration data, Figard 4%

the previous two figures giving the relationship between aVerage '_j_‘ T g

speed.

4.4 Braking.

acceleration and axle drag shears as the braking intensity decreases. . To:¢

shear loading behavior of the landing gear, drag shear was plotlaedi sitast longity TR
acceleration for the three braking tests illustrated in figure 50. A$ mentionéd:in section 3.5
only the values during which the aircraft was braking were used. Ftie data exhibits 2
significant scatter, as well as displaying different data grouping sl@be& A possibfle :
explanation for the different slope of the heavy breaking data may be dynaibiceffects due to
the antiskid device used in the B-727 braking system. '

Table 4 contains the critical braking parameters discussed in section 3.5. The first two-
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columns are information relative to the flight test itself, while the other seven
represent the critical parameters. As discussed in section 3.5 most of fhese
averages, allowing for easy verification of the validity of the data.
longitudinal accelerations, a graph comparing measured and calenlas
accelerations is contained in figure 51. The calculated values are coM
compared to the measured values. A comparison of measured and ‘calewl;
plotted as figure 52. This plot exhibits normal scatter and is not hiased
calculated or measured data.

Figure 53 is a correlation plot of average longluldlnal acceleratim '
measured drag shear. The poor correlation observed is probably a reflect
inconsistencies observed in figure 50 discussed in the first paragmph

4.5 S-Turns.

Figures 54, 55, and 56 illustrate aircraft acceleration, ground speed, and lan
shear for three separate S-turns of 80, 60, and 40 knots respectively.. 2
speed turns reflect the longer time needed to travel the same distan
acceleration, vertical shears, and side shears appear about the same
to pilot input based on his understanding of the capability of thé aj
side shear magnitude and time behavior are accurate and reasonable,
was calculated and plotted along side lateral acceleration. F1guéb-’57
coefficient comparison which illustrated a tendency for the side f
particularly at heavy side loading. This could be due to torque on th
side force, or to absorption of force by the aircraft suspension, giving:
aircraft cg. A biased high calibration factor would also cause this pih
59, and 60 are graphs of side shear and axle differential load plotted in:
exception of the left main gear of TST63008, side shear tends to refuie
differential load. A basic force analysis of a landing gear under lateral
agree with this result. Appendix E gives a loading diagram and an slisis v
the relationship between side shear and axle differential load is based:
loaded tire radius to the lateral patch distance, which is approximately
side shear loading behavior of the landing gear, side shear was ple?md
acceleration for the three S-turn tests illustrated in figure 61. As:
only a small portion of the data obtained during the time the aircr
were used. The data exhibits an excellent linear relationship. - Also i
time against axle differential load and can be seen as figure 62. Tbjs gmph
jittle scatter and a good linear relationship, although distinct “runners” of data p
vertically from the data scatter, illustrating that another mechamsm may .
load differential while side shear remains constant.

Table 5 contains the critical S-turn parameters discussed in secuon 3.6. _'I’hf: ﬁrst two _
columns are information relative to the flight test itself, while the other. smsolgmns repmsent -
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the critical parameters. As discussed in section 3.6 most of these
allowing for easy verification of the validity of the data. To: he.b-:
a graph comparing measured and calculated side shear is containedsis
measured values are consistently biased high as compared to the:v B
measured acceleration. This agrees with figure 57, which also ith

the measured values. e

Figure 64 is a correlation plot of average lateral acceleration mw
shear. These short time average values illustrate a good linear rekatjon
correlation plot of average measured side shear and average measaﬂd 2
Again these values relate well linearly. R

4.6 Minimum-Radius Turns.

Figures 66 and 67 illustrate nose gear ground speed, nose gear vestical s, qnd
side shear. The trend of the side shear traces is for the side _shea-w
when the aircraft is stationary and to increase to a value greater:
shear force as the aircraft begins to move. The increase occurs. over a.sh
speed is low and remains fairly constant throughout the test. ‘The differe:
and right vertical shears shows the same trend, indicating that the priman
differential vertical shears is rotation of the gear due to the snde smal'

Video tape of the nose gear taken during the minimum-radius tm:ns, catly..
deformation of the tires, the presence of significant side shears- and sj
vertical loads, confirming the validity of the data in figures 66 an 65
frame taken from the video tape and shows the nose gear traveling tow:

Since the magnitude of the side shears shows little variation with mﬂ e the auw

moving, it appears that the nose gear tire side forces are generated‘m j
the cg from side forces and moments at the main gear generated dué to
resist the centrifugal force at the cg. In this connection it should be nﬁ e

to the nose gear axle. Speed at the cg was not measured, but ﬁ'om tm
gear distances to the center of turn, it would be approximately one fou :
nose gear. At the maximum nose gear speed shown in the traces of 12 m@,' a manmam
lateral acceleration at the cg of approximately 1.6 ft/s*> (0.05 g) is oblmned. Thiat there was
significant scrubbing at the main gear wheels on the inside of the turn was shown by dark
circular rubber tracks deposited on the pavement by the tires (see figure 69). ' The radius of
the tire tracks showed that the center of the turn was about 3.5 feet. outsidé-the center of the
main gear on the inside of the turn, giving a turn radius to the c.g of ag proximiatcly 13 feet.

Figure 70a and 70b illustrate nose gear side shear as compared to nose mvemcal axle
differential load in time. Although there are discrepancies in both tests between the side
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shear and axle differential load, these can be generally associated ‘wit
test34 differential load and side shear agree very well during the first
when the nose wheel speed is increasing. Figure 71 is a correlation
shear and axle differential load for both tests discussed above for an
interval. Although the data from each test correspond very we]l, fier
shown for clockwise and counterclockwise turns. '

are time averages, made over an arbltrary 10-second penod durmg ﬂw ‘tuitm, alk
verification of the validity of the data. -

Figure 72 illustrates a correlation of nose gear average side shear i ave
load. This graph illustrates two distinct groupings for the clockwise and! i CoRis
clockwise turns which agree with fignre 71. The cause of this behavmr has._ m
determined. v




5. CONCLUSIONS AND RECOMMENDATIONS.

-can be drawn.

calculated maximum pitch rate had an average ‘ot 34
takeoffs with the maximum pitch rate observed-beie

correlated fairly wel with vetial acceleration wd ircraft weigh
touchdown pitch angle correlated poorly. o

o Runway exit time trace data illustrated the. expected;:
relationships, and measured side shear correlatéd very wel
accelerations. Measured specific event values were consis
values and a direct relatlonshlp was cstabhshed

and lateral acceleration.

o Aircraft braking time trace data illustrated the expected:Risce-aceelération
relatlonshxps and measured drag shear correlateﬂ red -
longitudinal accelerations with different r
different levels of braking. Measured specific cvznl vahes were consthm
with calculated values, with the measured acceleratigns b _mtem]y
higher than the calculated. Attempts to correlate drag *ﬁ)me;wnh Iongzmﬂaial
acceleration were difficult due to a small number of fests.

o S-turn time trace data were consistent with lmown mlﬁg, and measumd
lateral acceleration agreed well with measured side shear. }Em landing gcar
side shear and axle differential load illustrate a dlstmct elatibnship which'
relates linearly in time. Specific event values for lateral aceeleration, main
landing gear side shear, and axle differential load ali caﬂelaﬁe well, 1}iustralmg
their interwoven relationship.

o Minimum-radius turn time trace data was consistent with known reahtg and.
measured nose gear side shear related well with measured nose gear axle
differential load, although it is unclear how they m]ate in time. ‘Specific event
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values for nose gear side shear and axle dlffel’em@

Additional takeoff and landing test events would be useful in. obtain

therefore more accurate statistical information. Similarly, more 1
different exit velocities would be useful to allow for more completc ¢
landing gear side shear, lateral acceleration, and exit velocity. Mg
would be useful in more accurately predicting drag shear. Multip}
without the antiskid device in use could also help determine vhy. dif
different slope scatter patterns on a correlation plot of longitudinal :

force. Although an obvious relationship between side shear and-axje
recalibration of the B-727 landing gear would be needed to obtain-t
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X, - Front and Back Axie
X, - Front and Back Axle
Z, - Top and Botlom Axle
Z - Top ard Boltom Axle
Y - Front and Back of Strut

FIGURE 4. ILLUSTRATION OF STRAIN GAGE LOCATIONS ON THE-7%7

FIGURE 5. PHOTO OF LANDING GEAR CALIBRATION ILLUSTRATING THE USE OF THE LOAD CELL
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TEST69 Data
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ACCEL
-

FIGURE 7. EXAMPLE TO ILLUSTRATE EFFECT OF THE FILTER; F, = 30.HZ: - .

| TEST69 Data
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.C) -
() o o

 DataRpte=60Hz |

8 80 B2
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FIGURE 8. EXAMPLE TO ILLUSTRATE EFFECT OF THE FHTHR; F, = 5 HZ




FIGURE 10. ILLUSTRATION OF SPECIFIC LANDING PARAMETERS




Aircraft Exit

FIGURE 12. ILLUSTRATION OF SPECIFIC BRAKING PARAMETERS




Aircraft S-Turn

LEGEND

At = Time

Vo = Start Velocity

N, = Average Lateral Acce],
85, = Average Side Shear
ADL = Axle Differential Load
At-tz-t]

88~ 88, + 8§,
ADL » VS - VS,

Ne" N SSw= 2SS, (O

 —

\h__.-/

FIGURE 13. ILLUSTRATION OF SPECIFIC S-TURN PARAMETERS

Aircraft Minimum-Radius Turn

LEGEND

At = arbitrary 10 sec interval
Vyan= Nose Gear Path Velocity
S8, = Nose Gear Side Shear
ADL = Noge Gear Axle
Differential Load

SSwe =2 S8,o(t)/n

FIGURE 14. ILLUSTRATION OF SPECIFIC MINIMUM-RADIUS TURN PARAMETERS
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FIGURE 15. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL TARKPOFF EVENT
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FIGURE 16. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL TAKEOFF EVENT
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TST63006 Pitch Data
[ — Pitch Rate (deg/s)
10 B — Pitch Angle (deg)
= [
= b
A~ :
0l
30 3 4 45
Time (sec) .
GRAPH 17(a)
15—
I TST11408 Pitch Data
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_5 | . L P 1
2b 30 35 40 45
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GRAPH 17(b) '

FIGURE 17. PITCH ANGLE AND PITCH RATE DATA OF TWO TYPICAL TAKEOFF EVENTS (a.)
TST63006 AND (b.) TST11408 o -
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HISTOGRAM
Takeoff Data

Frequency

9 - e
0.2 0.24 0.27 0.3 0.38 D36 039

Peak N, {g's)

FIGURE 18, HISTOGRAM OF TAKEOFF LONGITUDINAL ACCELERATION SPECIFIC EVENT VALUES
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4
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=
o
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Takeoff Growad Speed (mph)

FIGURE 19. HISTOGRAM OF TAKEOFF GROUND SPEED SPECIFIC EVENT VALUES
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HISTOGRAM
Takeoff Data

Frequency
.9

126 128 130 132 134 "1"36"‘7-133-:---41_43;';':’iiz___
Adjusted Takeoff Specd (mph) o -

FIGURE 20. HISTOGRAM OF ADJUSTED TAKEOFF SPEED SPECIFIC EVENT VALUES

HISTOGRAM
Takeoff Data

Frequency

2600 2800 3000 3200 :mm :
Takeoff Distance (ft)

FIGURE 21. HISTOGRAM OF TAKEOFF DISTANCE SPECIFIC EVENT VALUES
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HISTOGRAM =
Takeoff Data : _—

Frequency

24 25 28 30
Time to Liftoff {scc)

FIGURE 22.- HISTOGRAM OF TAKEOFF TIME TO LIFTOFF SPECIIC’ EVEN
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Takeoff Data
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‘:2-': "’;'?:n'-
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[

24 28 82 36 4 | ._B
Maximum Piich Raic (degfs)

FIGURE 23. HISTOGRAM OF TAKEOFF MAXIMUM PITCH RATE SPECIFIC EVENT VALUES
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HISTOGRAM
Takeoff Data

Frequency

10 11 12 18 14 16 1&5.”"'15’.’“"_1’9_.
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FIGURE 24. HISTOGRAM OF TAKEOFF MAXIMUM PITCH ANGLE SPECIFIC EVENT VALUES -
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FIGURE 25. CORRELATION PLOT OF TAKEOFF DISTANCE AND TAKEQ S
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FIGURE 27. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL LANDING EVENT
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FIGURE 28. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL LANDING EVENT
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FIGURE 29. COMPARISON OF MEASURED AND CALCULATED VERTICAL SHEAR AT TOUCHDOWN
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FIGURE 30. HISTOGRAM OF LANDING TOUCHDOWN PITCH ANGLE SPECIFIC EVENT VALUES
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HISTOGRAM
Landing Dsta -
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TD Growad Speed (mph)

FIGURE 31. HIST OGRAM OF LANDING TOUCHDOWN GROUND SPEED SPECIFIC EVENT VALUES
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FIGURE 32. HISTOGRAM OF LANDING ADJUSTED TOUCHDOWN SPEED SPEC[FIC EVENT VALUES
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FIGURE 33. HISTOGRAM OF LANDING NORMAL ACCELERATION SPECIFIG EVENT VALUES
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FIGURE 34. HISTOGRAM OF LANDING TOUCI-IDOWN mﬂm SHEAR SPECIFIC EVENT VALUES
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FIGURE 37. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL RUNWAY EXIT AT 40 KNOTS
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FIGURE 39. MULTIPLE TIME TRACE DATA PLOT OF A TYPICAL RUNWAY EXIT AT 60 KNOTS
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FIGURE 41. CORRELATION IN TIME OF SIDE SHEAR AND LATERAL ACCELERATION
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APPENDIX B
Force Calibration Procedure

The aircraft was placed on screw jack stands, supported at standard ;agk ts, and -
force output was recorded for the three standard directions; vertical M-iﬁag shear, andsade
shear for each landing gear.

To Calibrate Vertical Shear:

Individually, the nose gear, left main gear, and right main. gear of the mmft were lowered
incrementaily onto a load cell platform. Load cell output and strain @ge output were
recorded for several different loadings, up to full aircraft weight.

To Calibrate Drag Shear:

Individually, the nose gear, left main gear, and right main gear of the aircraft were lowered
onto a load cell platform to approximate normal vertical load. The load cell platform was
loaded longitudinally at several different weights up to 5000 lbs. Load cell output and strain
gage output were recorded for the different loadings.

To Calibrate Side Shear:
Individually, the nose gear, left main gear, and right main gear of the aircraft were lowered
onto a load cell platform to approximate normal vertical load. The load cell platform was
loaded laterally at several different weights up to 5000 Ibs. Load cell output and strain gage
output were recorded for the different loadings. |







APPENDIX C

Listing of Data Channels
Channel Units
CG Acceleration - Lateral G’s
CG Acceleration - Longitudinal G’s
- CG Acceleration - Normal G’s
Throttle Position - #3 Engine % travel
Fiap Position Degrees
Elevator Position Degrees
Rudder Position ' Degrees
Aileron Position Degrees
Brake Pressure - LMG; Left Axle psi
Brake Pressure - LMG; Right Axle psi
Brake Pressure - RMG; Right Axle psi
Brake Pressure - RMG; Left Axle psi
Ground Distance feet
Ground Speed; from Optical Sensor mph
Strain Gages
Vertical Shear - RMG; Right Axle pounds _ _
Vertical Shear - RMG; Left Axle pounds . 0-to 200000 (sum)
Vertical Shear - LMG; Right Axle pounds : ’ .
Vertical Shear - LMG; Left Axle pounds : 0 to 200000 (sum)
Vertical Shear - NG; Right Axle pounds | . |
Vertical Shear - NG; Left Axle pounds - 0to 20000 (sum)
Drag Shear - RMG; Right Axle pounds -
Drag Shear - RMG; Left Axle pounds 0 to 50000 (sum) =
Drag Shear - LMG; Right Axle pounds - '
Drag Shear - LMG; Left Axle pounds - 0 to 50000 (sum)
Drag Shear - NG; Right Axle pounds -
Drag Shear - NG; Left Axle pounds 010 10000 (sum)
Side Shear - RMG pounds _ 0.-to 50000
Side Shear - LMG pounds 0.to 50000
Side Shear - NG pounds : 0 10 10000 -
“Pitch Angle degrees -90 to 90
“Roll Angle degrees -180 1o 180
"True Heading degrees -180 to 180

* Only Utilized for Takeoffs and Landings

" Aircraft instrumentation uses standard sign convention; right handed ooordmabes with
forward being positive x. Positive accelerations give negative forces.
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APPENDIX D

Data Reduction Software
Program Listing







Data Reduction Software - Program Listing SRR o

***************************‘

PROGRAM TO:
Read signals from a Eidel binary file system
and write to ASCIT file.

Bill Cavage

Based on a program by Gordon Hayhoe w
oKX X X K K K Xk ok k ok ko k ok &k & k k k kX X % * * * A

L T T T R
* % * F F 4 F ¥ ¥

* declare subs and functions

DECLARE SUB LPTB (MM%, T!, B!, All({), A21{}, BZERO') L
DECLARE SUB TTRAN (Al!(), A2'(}, BO'(), Bl!(}, B2!(},. H%,
PHS!}

DECLARE SUB SETTANFILT ()

DECLARE SUB TAN2FILT {(W!', J&}

DECLARE SUB SETFILTERS ()

DECLARE FUNCTION RIQO! (X1)

DECLARE FUNCTION GETDOUBLEHEX! (ISIGE, I&)
DECLARE FUNCTION GETMSDLSD! -{(J&, ISIG&, IRECE, SCRAIE$,_PCHRAE!, ROLRAT
YAWRAT!}

DECLARE FUNCTION GETDEC! (ISIG&, IRECE)

DECLARE FUNCTICN GETREAL! (ISIGKk, IRECE&)

DECLARE FUNCTION GETHEX (ISIG&, IRECK]}

!

+ define variables, dimension arrays, and set initial values
DEFLNG I-N

DEFSTR S

DIM NADDC(100), NADDT(100), NELMC{100)

DIM CPHDG(100), RATE(200), FORCECAL({20}, ISIGLINE(ZUO}, IWORD(ZGO),
SUNITS{200)

DIM SWNAMES (200), WNUM(200), WTYP{200)}, WFNUM(ZOO), EIDELSIGJZ&O), NTBG(ZOO)
DIM SKIPS ({200}, GAIN(200), OSET(200), CADD{200), VALUEISO&}. STAI [ :
DIM RMAXVAL(200), RMINVAL(200), RMAXTIM(200), RMINTIM(200),
COMMON SHARED TRUE, FALSE

COMMON SHARED TSP, ISIGLINE(), TSIGNAMES(), IWORD(}, LASTS(), IHDX()
TRUE = -1: FALSE = 0

NCNT = 0: NCORR = 1: SWCHS = "QOFF"

CLS : PRINT : PRINT

r

* smet variable inputs
SPATHS = "C:\DEC3I15\JUNEZ\"
STESTSIGS "B-727"

STESTNAMS "TEST34"

SFILNAMS = "C:\QB\GLDATA\T34"
‘SFILNAMS = "CONS:"

nn

SDATNAMS = "GLDATMAN*
SCALNAMS = “GLCALDAT"
TANFILTFREQ =

TSTART = Q: TEND = 90
SCOND$ = "Minimum Radius Turn®
STITLELlS = "B-727 GROUND/FLIGHT TEST DATA FILE'
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STITLE2$ = SCOND$ + * Data from Manning Data Set; ™

- LR

NPRNT = 2

STATOPS = "NO" .
SCRATES = "NO"

SCOLUMS = "NORMAL"

SCOLTITS = "

¥

' s8et file names

’

SIGFILES = SPATH$ + STESTSIGS + *.SIG"

SFORFIL$ = SPATHS + STESTSIGS + *.FOR®

SDATFILS = SPATHS + STESTNAMS + “.DAT*

SPLBFILS = SPATHS + STESTNAMS + *.PLB"

SCALDATS = SCALMAMS + *_DAT" : _
SDATMANS = SDATNAMS + * ., DAT" ' ' o

SOPFILS = SFILNAMS + *.DAT"
STATFILS SFILNAMS + ".STA"
STITLE2S STITLE2$ + SDATFILS : ' - R
PRINT " CONVERTING “; SDATFILS LS
PRINT : PRINT : a o

' data manipulation input file

OPEN SDATMANS FOR INPUT AS %5

INPUT #5, NCOLELM

FOR I = 1 TO NCOLELM
INPUT #5, NELMC(I)

NEXT T

INPUT #5, SFCHKS ]

IF SFCHKS <> "#* THEN . . .
PRINT * ERROR: BAD DATA FILE SETUP; CAN NOT INTERPRET *
PRINT " *; SDATMANS; " FOR MAIN MODULE® ’
PRINT : PRINT ’

STATOPS = "NO"
GOTO 500

END IF

INPUT #5, NCOLADD

FOR I = 1 TO NCOLADD
INPUT #5, NADDC (I}, NADDT(I)

NEXT I

CLOSE #5 o ' )

¥

* check 1f input file is walid

r

OPEN SDATFILS FOR BINARY AS #1

GET #1, , ID ’ signed 16 bit' integer.
IF EOF(l) = -1 THEN : R
PRINT " ERROR: FILE DOES NOQT EXIST.®
PRINT : PRINT
CLOSE #1

KILL DATFILES
STATOPS = "NO"
GOTO 500

END IF

CLOSE #1

f

* obtain information from format file

!
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OPEN SFORFILS FOR INPUT AS #2
FOR I =1 TO 9
INPUT #2, TEMP
NEXT T
INPUT #2, NWORDS
INPUT #2, TEMP
INPUT #2, TEMP
INPUT #2, SYNCVALS
CLOSE #2

r

' gconvert binary sync value to decimal

AMOUNT = 0: VALUE = 0: DIGIT = 0 .
FOR I =1 TQ 12
- I, 1)

SDIGS$ = MIDS (SYNCVALS, 13
DIGIT = VAL{SDIGS)
IF DIGIT = 1 THEN
AMOUNT = AMOUNT + 2 ~ (I - 1)
END IF
NEXT I
FSYNCVAL = AMOUNT

* obtain time information from .plb file
OPEN SPLBFILS FOR INPUT A5 #2
LINE INPUT #2, STEMPS$: LINE INPUT #2, STEMPS
INPUT #2, DAYOFMONTHS
INPUT #2, TIMEOFDAYS
FORI =1TO 8
INPUT #2, WORDLEN
NEXT I )
LINE INPUT #2, STEMPS: LINE INPUT #2, TEMPS
INPUT #2, STEMPS
LINE INPUT #2, STEMPS
INPUT #2, BITFREQ
FFREQ = 1000! * BITFREQ / (WORDLEN * NWORDS)
CLOSE #2
TINTERVAL = 1! / FFREQ
TSP = TINTERVAL
FFNYQUIST = 1! / (TSP * 21!) .
IF TANFILTFREQ > FFNYQUIST THEN TANFILTFREQ = FFNYQUIST
TVALID = TSTART + (10 * TINTERVAL} : -

r

* calculate filter weights, set filters
CALL SETFILTERS
CALL SETTANFILT

’

L

NWORDS = 0
GNUM = 0
OPEN SIGFILES FOR INPUT AS #1
OPEN SCALDATS FOR INPUT AS #4
LINE INPUT #4, STEMPS
IF STEMPS <> "5" THEN
PRINT - ERROR: BAD CALIBRATION FILE*

PRINT : PRINT

D-3

'  determine word name, word number, frame number, and word type




END IF : o
LINE INPUT #1, STEMPS " clear first line of__SIG f11

DO

STATOPS = "NO* C R uruha
GOTO 500 PR

loop until no- mﬁre

LINE INPUT #1, STS ’

fi
IF ST$ = "#" THEN EXIT DO LouT

IST]1 = INSTR{STS, "*") + 1 * number of charact&r .
IST2 = INSTR(STS, ":") ‘* number of charactérs to- flrsh P
IST3 = IST2 - IST1 * length of channel name T
SNFINDS = MIDS(STS, ISTCNT + 1, 1) -
IF SNFINDS = ";" THEN

SFNUM$ = "Q"
ELSE

IST4 = INSTR(ISTCNT + 1, STS, “:")
SFNUMS = MIDS({STS$, ISTCNT + 1, IST4)

END IF
ISTCNT = IST2
ICNT = 1
SWCHS = "QFF"
Do

ISTCNT = ISTCNT + 1
SNFIND$ = MID$(ST$, ISTCNT, 1)
IF SNFINDS = ";" THEN
ICNT = ICNT + 1
IF ICNT = 2 THEN
ISTCNT = ISTCNT + 1 A _
IST7 = INSTR(ISTCNT, STS, ":") S A T
IF IST7 - ISTCNT = 1 THEN B
SWNUM$ = MID$(ST$, ISTCNT, 1) S
ELSEIF IST7 - ISTCNT = 2 THEN
SWNUM$ = MID$(ST$, ISTCNT, 2)
ISTCNT = ISTCNT + 1 _
ELSEIF IST7 - ISTCNT = 3 THEN - T T
SWNUMS = MIDS (STS$, ISTCNT, 3) T LT
ISTCNT = ISTCNT + 2 S
END IF
END IF
IF ICNT = 6 THEN
ISTCNT = ISTCNT + 1
SWTYPS = MIDS(ST$, ISTCNT, 1)
END IF
IF ICNT = 7 THEN
ISTCNT = ISTCNT + 1

ISTS5 = INSTR(ISTCNT, STS, ":;")

SGANS = MIDS (ST$, ISTCNT, ISTS - ISTCNT)
ISTCNT = 1ST5 ' _ . . ] o
ISTCNT = ISTCNT + 1 ' nok been correct
IST6 = INSTR(ISTCNT, STS, ";")
S08T3 = MIDS(ST%, ISTCNT, IST6 - ISTCNT)
ISTCNT = ISTé
ICHNT = ICNT + 1

END IF

IF ICNT = 11 THEN
ISTCNT = ISTCNT + 1

STATS$ = MID$(ST$, ISTCNT, 8)
SWCHS = "ON”
END IF

END IF
LOOP WHILE SWCHS = "OFF"




NUMB = VAL({SWNUMS) + 1
IF NUMB > GNUM THEN
GNUM = NUMB

END IF
SWNAMES (NUMB) = MIDS(ST$, IST1, IST3)
WNUM{NUMB) = VAL {SWNUM$)

WTYP(NUMB) = VAL(SWTYPS)
WFNUM (NUMB) = VAL (SFNUM$)
SDIG4$5 = MIDS (STATS, 4, 1)
NTAG(NUMB) = VAL (SDIG4§)
INPUT #4, GAIN(NUMB)
INPUT #4, OSET{NUMB)
INPUT #4, SUNITS (NUMB)
NWORDS = NWORDS + 1

LOCPE

CLOSE #1

INPUT #4, STEMPS

IF STEMPS <> "#" THEN
PRINT * ERROR: BAD CALIBRATION FILE®
PRINT : PRINT
STATOPS = "NO"
GOTO 500

END IF

CLOSE #4

routine to eliminate blank spaces in .sig file .

8;4 .

=1
IF SWNAMES(I) = "* THEN
FOR J = 1 T0O GNUM
WNUM{J} = JF - 1
SWNAMES (J)} = SWNAMES({J + 1)
WTYP(J) = WIYP{(J + 1)
WENUM{J} = WFNUM{J + 1)
GARIN(J) = GAIN(J + 1}
QSET(J) = OSET(J + 1}
NTAG(J) = NTAG{(J + 1}
SUNITS (J) = SUNITS(J + 1)
NEXT J
END IF
IF SWNAMES {I) <> "" THEN
I=I+1
END IF

LOGP UNTIL I > NWORDS

F

’ mark unwanted columns; mark columns to be combined
FOR I = 1 TO NWORDS
FOR J = 1 T0 NCOLELM
IF NELMC{J) = I THEN
SKIPS(I) = "YES"
END IF
NEXT J
FOR J = 1 TO NCOLADD
IF NADDC{J) = I THEN
CADD{I} = J
CADD(NADDT(J)} = J
END I¥F
NEXT J




FCR J = 1 TO NCOLADD
IF NADDT(J) = I THEN
SKIPS(I) = "YES"
END IF
NEXT J
NEXT T

i
r

¥

NCHANELM = 0
I=1

IF NTAG(I}) = 0 THEN
NCHANELM = NCHANELM + 1
FOR J = I TO NWORDS
WNUM(J) =J - 1
SWNAMES {J) = SWNAME${J + 1)
WIYP(J} = WITYP(J + 1)
WFNUM({J) = WFNUM(J + 1)

GAIN(J) = GAIN(J + 1)
OSET{J) = OSET(J + 1}
NTAG(J) = NTAG(J + 1)
SKIP$(J) = SKIPS(J + 1)
CADD(J} = CADD{(J + 1)
NTAG(J) = NTAG{J + 1)
SUNITS (J) = SUNIT${J + 1)
NEXT J
END IF
IF NTAG(I) <> 0 THEN
I=I+1
END IF

LOOP WHILE SWNAMES (L) <> "~

routine to eliminate spaces form column names

FOR I = 3 TO NWORDS - NCHANELM
NSTRLEN = LEN({SWNAMES (I)}
FOR J = 1 TO NSTRLEN
SLETSTRS = MIDS (SWNAMES(I), J, 1)
IF SLETSTRS = " " THEN
MIDS (SWNAMES (I), J, 1) = "_*
END IF
REXT J
NEXT I

!

‘ open output file, label top, and print cut headings
DELTAT TINTERVAL * NPRNT

DFFREQ 1l / DELTAT

OPEN SOPFILS FOR QUTPUT AS #3

PRINT #3, STITLELS

PRINT #3, STITLE2S .
PRINT #3, "Time Start = "; TSTART; *: Time Pinish = "

non

TERD

eliminate channels not tagged ST

PRINT #3, "Time Between Samples ="; DELTAT; "{(*; DFFREQ; "Hz'Data Frequency)"

PRINT #3,

PRINT #3, "TIME *;

SWCHS = "QFF"

IF SCOLUMS = "SPECIFIED" THEN
PRINT #3, SCOLTITS
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ELSE
FOR I = 3 TO NWORDS - NCHANELM
IF SKIPS{I) <> "YES" THEN
PRINT #3, SWNAMES{I}; * *;
END IF
REXT 1
IF SCRATES = "YES" THEN
PRINT #3, “ROLRAT PCHRAT" ;
END IF
END IF
PRINT #3,
PRINT #3,

r

* open Eidel file and find first data word

k)

OPEN SDATFILS FOR BINARY AS #1
ISTART =1
FCR I = ISTART TO 32000000
W = GETDEC({1l, I)
IF W = FSYNCVAL THEN
ISTART = I
EXIT FOR
END TIF
NEXT T
FOR I = ISTART + 1 TO 5000
W GETDEC (1, I)
IF W = FSYNCVAL THEN
NSIGS = ({I - ISTART) \ 2)
EXIT FOR
END IF
NEXT I
fIF NSIGS <> NWORDS - NCHANELM THEN

1o

! PRINT #3, * ALARM: DISCREPENCY IN NUMBER OF WORDS SPﬁtIEiﬂl'
' PRINT #3, * CHECK FOR PROPER .SIG FILE"

’ NWORDS = NSIGS
"ELSE

NWORDS = NSIGS
"END IF

!

*  find proper frame to match TSTART

!

SWCHS = "OFF"

TIME = 0
I = ISTART
Do

W = GETDEC(1l, I)
IF W = FSYNCVAL THEN
TIME = TIME + TINTERVAL
END IF
I=1I+1
LGOP UNTIL TIME > TSTART
TIME = TIME - TINTERVAL
I=1I-1
ISIG = I

’

* main data output do loop

r

DO




¥

r

r

!

’

’

check for sync word; search if necessary; be sure file has dita

W = GETDEC({1, I}
IF W <> FSYNCVAL THEN
I=1I4+1
IF EOF{l} = -1 THEN
PRINT #3,
PRINT #3, " FILE OUT OF DATA*
PRINT " FILE OUT OF DATA"
GOTO 500
END IF
PRINT #3, '
PRINT #3, " ERROR: LOSS OF SYNC; CAN'T FIND SYRC VALUE'
PRINT #3, " SEARCHING FOR SYNC VALUE'
PRINT #3,
Do
W = GETDEC(1, I)
IF W = FSYNCVAL THEN

PRINT #3, " POUND SYNC WORD; RESUMING: EXTRACTION®
PRINT #3, - BRI
ISIG = I
NCNT = 0
EXIT DO
ELSE
I=1I+1
NCNT = NCNT + 1
END IF _ ,
IF NCNT > 10000 THEN o ' o ’ -
PRINT #3, * CAN'T FIND SYNC WORD; EMDING PROGRAM"
STATOPS = "NO* Lo 5
GOTO 500
END IF
LOCP WHILE W <> FSYNCVAL

END IF

go thru frame byte by byte getting data based on signal'typé .

FCR J =1 TO 2
IF WTYP(J) = 0 THEN
W = GETDEC{J, I}

ELSE C
PRINT #3, " ERROR: ' FIRST 2 FRAME WURDS ARE NOT SYNC
PRINT #3, * VALUES"™
STATOPS = "NO"
GOTO 500
END IF
ISIG = ISIG + 2
NEXT J ' ' _ '
FOR J = 3 TO NWORDS * start loop after sync words
IF WTYP(J) = Q0 THEN * read and convert file data
IF O > 2 THEN ‘ based on the signal type.
W = GETMSDLSD{J, ISIG, I, SCRATES, PCHRAE ROLRBE YEWRAE)
ELSE

W = GETDEC(J, I)
END IF
ELSEIF WTYP(J) = 2 THEN
W = GETDEC(J, I}
ELSEIF WTYP(J) = 8 THEN
W = GETREAL(J, I}
CALL TANZFILT(W, J)




ELSEIF WIYP{J} = 1 THEN
W = GETHEX(Jd, I)

ELSEIF WIYP{J) = 4 THEN
W = GETREAL(J, I) * 5!

ELSEIF WIYP(J) = 5 THEN
W = GETREAL(J, I) * 10!
CALL TANZ2FILT{W, J)

ELSEIF WIYP({J} = 6 THEN

* W = GETREAL(J, I) * 10! ~ 5!

CALL TAN2FILT(W, J)

ELSE A
PRINT #3, * ERROR: UNRECOGNIZABLE SIGNAL TYPE®
. STATOPS = "NO* I AN
GOTO 500 : I SR TR
END IF _ O
EIDELSIG(J) = W : o
VALUE({J} = (EIDELSIG{J) * GAIN{J)) + OSET{J)

TOTVAL{J) = TOTVAL(J} + VALUE(J)

* find and store max and min value of every channel
IF TIME > TVALID THEN
IF SWCHS = “QFF" THEN
RMAXVAL (J) VALUE {J)
RMAXTIM(J) = TIME ' I
BRMINVAL{J)} VALUE {J) o ) e T
RMINTIM{J)} TIME : -k ' -
ELSE _
IF VALUE{J) > RMAXVAL(J) THEN
EMAXVAL (J) VALUE{J)
RMANTIM(J) TIME
END IF _ : el
IF VALUE(J) < RMINVAL{J) THEN o Coe i
RMINVAL (J) VALUE({.J) o :
RMINTIM{J) TIME
END IF
END IF
END IF
ISIG = ISIG + 2
NEXT J
I = 1IS81IG
1F TIME > TVALID THEN SWCHS$

[ ]

It

NON“

* eliminate unwanted time records

IF NPRNT <> NCORR THEN
NCORR = NCORR + 1
GOTC 200 '

END TIF

* sort thru data combine or average columns

FOR J = 3 TO NWORDS
IF CADD{J) <> (@ THEN
FOR K = 3 TO NWORDS
IF K <> J AND CADD{J) = CADD{K) THEN
VALUE{J} = VALUE(J} + VALUE(K}
END IF
NEXT K
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END IF
NEXT J

.
!

r

PRINT #3, USING
FOR J = 3 TO NWORDS
IF SKIP$(J) <> "YES" THEN
PRINT #3, USING "####.#4#%# *; VALUE(J).

END IF
NEXT J

print columns specified and derived values

"H#4 . R4E¥ "; TIME;

IF SCRATE$ = "YES" THEN s
USING "###.#4## "; ROLRAT; PCHRAT; R

PRINT #3,
END IF
PRINT #3,
KCORR = 1
200

TIME = TIME + TINTERVAL
LOOP WHILE TIME < TEND

500

£

IF STATOPS = "YES"

PRINT #6,

calculate mean and varience; print out max and min

THEN _

OPEN STATFILS FOR OUTPUT AS #6 i

PRINT #6, "TIME CHANNEL STATISTICAL BREAKDOWN - *; SDATFILS
PRINT #6, "Max, Min, Median, and Average: “; SCONDS$ o
PRINT #6, "Time Start = "; TSTART; " : Time Stop = "; -TEND o

FOR I = 3 TO NWORDS
IF SKIPS(I) <> "YES" THEN

RMEDIAN
AVERAGE

PRINT #6,
PRINT #6,
PRINT #6,
PRINT #6,
PRINT #6,

END IF
NEXT T
CLOSE #6
END IF

¥

(RMAXVAL(I) + RMINVAL{(I)) / 2

TOTVAL(I) / (TIME * DFFREQ * NPRNT)
SWNAMES (I); ™ =~ ("; SUNIT$(I); “)“.
*Maximum Value *“: RMAXVAL(I); "~ @ time-
"Minimum Value "; RMINVAL(I); * @ time
"Median = "; RMEDIAN; " : Average = " mz

RMAXTIM(I)

non

n'u

* ¢lose files and end program

¥

CLOSE #3
CLOSE #1
END
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Subroutines

DEFSNG 5 s :

* ISIG = signal number in binary file records, start;ng at 1. ... L o
" IREC = byte position in binary file for start byte of the current recorﬂ
FUNCTION GETDEC ({ISIG, IREC) STATIC :

DIM ID AS INTEGER

GET #1, ISIG * 2 - 2 + IREC, ID ' signed 16 Bit m
W = ID R
IF ID < 0 THEN W = W + 65536! * positive REAL

ES
-

. GETDEC = W / 16! * positive REAL in
END FUNCTION

* ISIG signal number in binary file records, starting at 1.

' IREC = byte position in binary file for start byte of the current record.
FUNCTION GETDOUBLEHEX {(ISIG, I) :

DIM ID AS INTEGER, ID1 AS INTEGER

DEFLNG I-N

ITEMP = ISIG * 2 + IREC

GET #1, ITEMP - 2, ID * Signed 16 bit integer. .

ID = ID AND 127 ' -

Wil# = ID

ID = ID* \ 4

ID1l = ID

Wl# = ID ‘Wl#’ / 44 ' Positive REAL in 12 bit range.

GET #1, ITEMP, ID

ID = ID ‘AND 4095

ID = ID ‘\ 4

W2# = ID

IF ID < (0 THEN W2# = W2# + 65536%
W2# = W2% \ 64

PRINT SIGN; ID1; ID; Wl#; wW2#

W2# = (Wl# / 128! + W2# / 131072} * 180!
GETDOUBLEHEX = W2#

END FUNCTION

* ISIG = signal number in binary file records, starting at 1. :

* IREC = byte position in binary file for start byte of the current record
FUNCTION GETHEX (ISIG, IREC) STATIC

DIM HBO AS STRING * 1, HBL AS STRING * 1, HBZ AS STRING * 1 HB3 AS STRING * 1
DIM TEMPZ AS STRING, ID AS INTEGER

SHARED FIRSTHEXS$, SECONDHEX AS STRING

ITEMP = ISIG * 2 - 2 + IREC
. GET #1, ITEMP + 0, HBO: GET #1, ITEMP + 1, HB1
GET #1, ITEMP + 2, HB2: GET #1, ITEMP + 3, HB3

ITEMP = ASC{HB0}: FIRSTLO = ITEMP o
- IF ITEMP = 0 THEN TEMP2 = "(0" ELSE TEMP2 = HEXS$ (ITEMP)
IF LEN(TEMPZ2) = 1 THEN TEMP2 = "Q" + TEMP2

ITEMP = ASC(HBl): FIRSTHI = ITEMP . _
IF ITEMP = ¢ THEN FIRSTHEX$ = *"00" ELSE FIRSTHEX$ = HEXS (ITEMP)
IF LEN{FIRSTHEX$) = 1 THEN FIRSTHEX$ = "0* + FIRSTHEXS
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FIRSTHEX$ = FIRSTHEXS + TEMD2 S

i

ITEMP = ASC(HB2): SECONDLO = ITEMP
IF ITEMP = 0 THEN TEMP2 = "0Q0" ELSE TEMP2 = HEX$ (ITEMP)
IF LEN(TEMP2) = 1 THEN TEMP2 = "(0" + TEMP2 '

ITEMP = ASC(HB3}: SECONDHI ITEMP

Ir ITEMP = (0 THEN SECONDHEX *00" ELSE SECONDHEX = HEX$(ITEHP)
IF LEN({SECONDHEX} = 1 THEN SECONDHEX = "0" + SECONDHEK
SECONDHEX = SECONDHEX + TEMPZ

Iwl (FIRSTHI * 256 + FIRSTLO) \ 64
Iwl IWl AND 127

Wl = IWL 'ID

IWZ = (SECONDHI * 256 + SECONDLO) \ 64
W2 = IW2

GETHEX = (W1 / 128! + W2 / 131072') * 180!

ENT FUNCTION

' ISIG gignal number in blnary file records, starting at 1.. .

* IREC byte position in binary file for start byte of the current reco:d
FUNCTICN GETMSDLSD (J, ISIG, IREC SCRATES, PCHRAT, ROLRAT, YBHE§T) QEATIC n?
DIM ID AS INTEGER .
SHARED NWPHDG, CPHDG{), NSIGS, SWNAMES(), RATE(), TINTERVAL’

’

" get msd/lsd values and apply formula

!

TEMP$ = SWNAMES (J) _ _

ITEMP = J * 2 + IREC o

GET #1, ITEMP - 2, ID ’ signed lﬁ,bit intéger: :

Wl# = ID

IF ID < ( THEN Wl# = Wi# + 65536# * Dositive REAL" xq;is hlt range
Wl# = WlH / 164 ‘ Positive’ REAL 1ﬁ“12 bit range
GET #1, ITEMP, ID R : _
W24 = ID

IF ID < 0 THEN W2#
W2% = W24 / lo#
W3k = (Wl# * 256! + W2#)} * .0054931

W24 + 65536#

!

' apply proper formula for proper channel

IF TEMPS = "ROLL__{MSD) "~ THEN
IF W3# > 180#%# AND W3# <= 360# THEN W3# = W3# ~ 360#
* calculate roll rate
IF SCRATES = "YES" THEN
IF ITEMP > 2 * NWPHDG * NSIGS THEN
R = 0!
FOR K = 1 TO NWPHDG _
IOFFSET = K * NSIGS * 2 B .
GET #1, ITEMP - 2 + IOQFFSET, ID ‘ signed 16 bit integer

Wl# = ID _ )
IF ID < O THEN W1# = WLF + 65536% oo
Wl# = Wl$# / 16# ‘ change to 12 bit range

GET #1, ITEMP + IOFFSET, ID
w2# = ID
IF ID < O THEN W2# = W2# + 65536#
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W24 = W2% / 1ok

WPLUS# = (WL# * 256! + W24) * .0054931 . .
IF WPLUS# > 180%# AND WPLUS# <= 360#% THEN ﬂ?

GET #1, ITEMP - 2 - IQFFSET, ID

Wl# = ID ﬂ

) IF ID < 0 THEN Wl# = WL# + 65536% . - . . L
Wl$ = Wi# / 16# o * change to 12 bit range .
GET %1, ITEMP - IOFFSET, ID ' T ' L
w2# = Ib

IF ID < 0 THEN W2# = W2# + 65536# - .17';f:,
W24 = W24 / 16% T

WMINUS# = (Wl# * 2561 + W24) % .0054931" ..
IF WINUS# > 1804 AND WMINUS# <= 30F THEN.
3604

= R + (WPLUS# - WMINUS#} * CPHDG(K}
NEXT X
ROLRAT =
END IF
END IF
ELSEIF TEMP$ = *PITCH_{MSD)" THEN ) o
IF W3# > 180# AND W3# <= 360# THEN W3# = W3% - 360%
W3¥ = -W3 '
* calculate pitch rate
IF SCRATE$ = *YES" THEN
IF ITEMP > 2 * NWPHDG * NSIGS THEN

FOR K = 1 TO NWPHDG
TOFFSET = K * NSIGS * 2

GET #1, ITEMP - 2 + IOFFSET, ID ' signed 16 bit integer
IF ID < 0 THEN Wi# = W1l# + 65536#% o

Wi# = Wl# / 16# "¢ change to 12 bit range
GET #1, ITEMP + IOFFSET, ID

W2# =

IF ID < 0 THEN wW2# = wW2# + 65536#
W2 = W2# / l6#

WPLUS# = (WL# * 256! + wW2#) * .0054931 .~ - L
IF WPLUS# > 180# AND WPLUS# <= 360# THEN WPLUSH = WPLUS#’-taﬁo#

GET #l, ITEMP - 2 - IQFFSET, ID _ ' signed 16 bit integer
Wi# = ID ' o R
IF ID < 0 THEN Wl# = Wi# + 65536% T
Wl# = Wl# / 16#% * change to 12 bit range

GET #1, ITEMP - IOFFSET, ID

W2# = ID '

IF ID < O THEN W2# = W2# + 65536#
W28 = W2# / 16% :

WMINUS# = {Wl# * 256! + W2#) * .0054931 o
g IF WMINUS# > 180% AND WMINUS# <= 360#% THEN wu:nus% . WMINUSE -
3604 -
R = R + (WPLUS# - WMINUS#) * CPHDG(K)
NEXT K
PCHRAT = -R
END IF




END IF
ELSEIF TEMPS = "P/HDG {MSD) * THEN
W3# = W3#% - PCORRECT#

IF SGN({W3#) -1 THEN wW3#
* calculate vaw rate
IF SCRATE$ = “YES" THEN
IF ITEMP > 2 * NWPHDG * NSIGS THEN
= O
FOR K =

= W3# + 360#

1 TO NWPHDG
IOFFSET = K * NSIGS * 2

GET.#1, ITEMP - 2 + IOFFSET, ID '+ signed 16 bit integer
Wl# = ID Lo ’
IF ID < 0 THEN Wi# = W1# + 65536# e
Wl# = Wig / 164 . ige to 12 bit rapge.
GET #1, ITEMP + IOFFSET, ID - - |
W2# = ID
IF ID < 0 THEN W24 = W2# + 655364
W2# = W2# / 16# :
WPLUS# = (Wl# * 256! + W2#) * .0054931 - .
IF SGN(WPLUS#) = -1 THEN WPLUS# = WPLUS# + 3608
GET #1, ITEMP - 2 - IOFFSET, ID * signed 16 bit integer
Wig = L
IF ID < 0 THEN Wl# = WL# + 65536# ST
Wi# Wl# / 164 ’ {.chgpggthF;Zebitfrange_
GET #1, ITEMP - TOFFSET, ID T
W24 = ID
IF ID < 0 THEN W2# = W2# + 65536#
W2# = W2 / 164
WMINUS# = (Wl# * 256! + W2%) * .0054931
IF SGN(WMINUS#) = -1 THEN WMINUS# = WMINUS# + 360#
R = R + (WPLUS# - WMINUS#) * CPHDG(K)
NEXT K
YAWRAT = R
END IF
END IF _ .
ELSEIF LEFTS (TEMPS, 3) = *EPR* THEN
W3# = W3# * .008333

ELSEIF TEMPS = "OPT/DIST_MSD" THEN
Wi# Wi# * 16 + W24 / 256
END IF

Wi#
GETMSDLSD = W
END FUNCTION

i

ISIG = signal number in binary file records,

starting at 1.

* IREC = byte position in binary file for start byte of the current record.

FUNCTION GETREAL {ISIG, IREC) STATIC
SHARED NWPHDG, CPHDG(), NSIGS
DIM I AS INTEGER

IPOSK
GET #1,
) ID

ISIG * 2 + IREC

ISIG * 2 - 2 + IREC, ID

IF ID < 0O THEN W = W + 655361
W / 65536!

GETREAL

' put in range 0.0 to 1.0.

' signed IS.EiE-integef.

* positive REAL in .16 bit range.




GET #1, ISIG * 2 - 2 + IREC, ID !
W = 1D

IF ID < 0 THEN W =
W =W/ 65536! ’
GETREAL =

END FUNCTION

. DEFINT I-N

SUB LPTB {MM, T, B, Al(}, A2(), BZERO) STATIC
M= MM

ANG = 3.141593 *+ B »

3 FACT = SIN(ANG) / COS (ANG)
Ml =M -M/ 2

F = 1'
FFN = M
SECTOR = 3.141593 / FFN
WEDGE = SECTOR / 2!
FOR I = 1 TO M1
FFN = 1 - 1
ANG = FFN * SECTOR + WEDGE
AM FACT * SIN(ANG)

BM = FACT * COS{ANG)

AM * aM

DEN = (1! + BM) ~ 2 + AMS _
-2! * ((1! - BM * BM) - AMS} / DEN
({1! ~ BM) ~ 2 + AMS) / DEN

{1t + AL({I) + A2(T)) / 41

g

b

b

H
LI

BZERO = F ~ {1! / M1}
END SUB

DEFSNG I-N

FUNCTION RIC (X} STATIC

DEFINT I-N

Y = X / 2!: T = 1E-08: E = 1!: DE = 1}

gl—!

I=7T14+1 -

DE = DE * Y / I: SDE = DE * DE: E = E + SDE
LOOP UNTIL E * T > SDE :
RI0O = EB.
END FUNCTION

DEFLNG I-N
SUB SETFILTERS STATIC
SHARED NWPHDG, CPHDG()

r

' calculate filter weights.

’

» PI = 3.14159: TWOPT = 21 * pI1
NWPHDG = 16
FB = 2 * 1gp ' convert from Hz to range 0 to 0.5
‘ALPHA = 2.783 * 35 dB
* ALPHA = 3.395 ‘40 4B
‘ALPHA = 5,653 * 60 dB
AID = RIO(ALPHA)
FOR K = 1 TO NWPHDG
AK = X .
XI0 = ALPHA * SQR(1! - (AK * AK} / (NWPHDG * NWPHDG) )
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CPHDG(K) = RIO(XIO) / AIO

OMEGA = TWOPI * AK * FB ' ;

TEMP = 11 * (SIN(OMEGA) / AR - TWOPI * FB * COS(OMEGA)) / (Bx * rxa
CPHDG(K) = CPHDG(K) * TEMP / TSP

NEXT K

I =0: Y ={!

FOR K = 1 TO NWPHDG : R o

. Y =¥+ TSP * ({I +K) - (I -K}}) * CPHDG(K) ‘Linear slope = TSP per step =
NEXT K

YSLOPE = Y

FOR I = 1 TO NWPHDG
CPHDG{I) = CPHDG{I}) / YSLOPE
NEXZT I

GOTC NOCHECK
FOR I = 1 TO -NWPHDG

PRINT I; CPHDG(I) . o s
NEXT I " e

FOR IFR = 0 TO 18

FREQ = IFR * .02

HF = 0!

FOR I = 1 TO NWPHDG
AT = T _
HF = 21 * CPHDG(I) * SIN{TWOPI * AT * FREQ) + HF

NEXT I _

PRINT USING "###.#### ; FREQ / TSP; HF / TWOPI
NEXT IFR

PRINT TSP
FOR I =0 T0O 1
Y = 0!
FOR K

= 1 TO NWPHDG
Y =Y +

TSP * ({(I + K) - (I - K}) * CPHDG(K) ‘Linear slope = TSP per stqp
1
NEXT K
PRINT I; ¥Y: YSLOPE
NEXT I
END
NOCHECK::

END SUB

SUB SETTANFILT STATIC -
DIM ALL(100), AL2{(100), BLO{100), BL1{(100}, BL2{100), HF(100}
DIM MM AS INTEGER o
SHARED BC1, BO2, All, Al2, A2l1, A22, TANFILTFREQ

TWOPT = 6.2831853#: PI = TWOPI / 2!

MM = 4
FB = TANFILTFREQ
* PRINT TSP

* High pass section.
CALL LPTB{MM, TSP, FB, AL1{)}, ALZ2(), BZERO)
FORI =1 TO MM / 2

BLO(I}) = 1! * BZERO: BL1(I) = 2! * BZERO: BL2(I) = 1! #* BZEBD :
*  PRINT USING "###. ###4#4 ~; ALl(I}, AL2(1}; BLO{I); BL1(I), BL2{1})
NEXT I




BO1
All

BLO(1): BO2
ADL1{1): Al2

BLO{2)
AL1{2): A21 = AL2(1l): A22 = AL2{2)}

H I

GOTO SKIPCHECK
FOR I = 1 TO 15
FREQ = I * 2
CALL TTRAN(ALL(}, AL2(), BLO{(}, BL1(), BL2{(), MM, TSP, FREQ ABZ, PHS)
PRINT USING "##.## #i##.4#4%% ; FREQ; ABZ
HF (I} = ABRZ
NEXT I
END
SKIPCEECK :

END SUB

SUB TAN2FILT (W, J)} STATIC

DIM WML{80), WM2(80), Y1M1{80), Y1M2(80), YZM1{80), Y2H2{30)
SHARED BOl, BO02, All, Al2, a2l, A22

BOL * (W + 2! * WM1(J) + WM2(J)}) - All * YIM1(J) - A21 * YIHZIJ)

Y1l =
Y2 = B02 * (Y1 + 2! * YIML{J) + YIM2(J)) - Al2 * Y2MI{J) - A22 * Y2M2(J)
YIM2(J) = YIM1{J): YIM1(J) = Y1
Y2M2(J) = ¥2M1{J}: Y¥2M1({Jd) = ¥Y2
WM2(J) = WM1{J}): WML(J) =W
= ¥2
END SUB
DEFINT I-N

SUB TTRAN (Al(), A2(), BO(), B1l(), B2(), M, T, FREQ, ABZ, PHS} STATIC

FACT = 6.283185 * T
IP=M-M/ 2
ADD = 01

PREV = 0!

FD = FREQ * FACT
51 = SIN(FD}

Cl = COS(FD}

A = 2! * FD

SZ2 = SIN(A)

C2 = COS(A)

ABSA = 1!

PHSA = 0!

FOR J = 1 TO IP
AR BO(J) + B1{J) * Cl1 + B2{(J) * C2
AT -B1(J) * 81 - B2(J)} * 52
ANM = AR * AR + AL * AL
PND = 0!
IF AT <> 0! OR AR <> (! THEN PND = ATN(AI / AR)
AR 1! + a1(J) * C1 + A2(J)} * C2
AT = -Al(J) * 81 - A2(J) * 82
ABSA = ABSA * ANM / (AR * AR + AT * AT)
NEXT J
ABZ = SQR(ABSA}

END SUB







APPENDIX E
Axle Differential Load Analysis

Figure E1 is a diagram of a landing gear
under loading due to lateral motion.
Intuitively, this motion causing a net
side force on the landing gear will also
cause a moment about the landing gear
axle, causing axle differential load.

Axle differential load is defined by the
following as illustrated in figure E1.

ADL = F,, - F,, (E1)

In this equation ADL is axle differential
load. '

From the load diagram given as figure
E2 it is obvious that the total side shear
on the landing gear is equal to the sum
of the side force reaction forces as given

below.
F.=F F, (E2)
ss sst ¥ s o I
Side force is manifested by lateral
acceleration N, as related by the = PG T T 7=
following equation. i —
h'i |
Fyo =N, W, (E3)

FIGURE E2: LOAD DIAGRAM OF LANDING GEAR

By summation of moments about the labeled moment center the following equation can be
obtained.

+Fog 1, + Fegr, -

0. 14",,,20,,,,,l me“ &)

In the above equation r, is the loaded radius of the tire and Dy is the wheel base distance or
contact patch distance. Collecting side forces and vertical forces the following manipulations

E-1




can be performed.

vs:zwa__ szWB o fe * Fygr, - @)

DWB '
T(FVS! ~ Fiy ) = r(Fg + Fgy)

We can substitute total side shear and axle differential load as deﬁned abmm sl
F,.p. to obtain the following equation. '

Fipo = —5— L @7
WB : ’

For the B-727 1, is 21.5 inches and Dy, = 36 inches. This gives the following relation.

Fp = 12 Fy

Measurements show that:




